Background : Psychotropic drugs are common among old people with dementia, and have been associated with increased mortality. Previous studies have not investigated sex differences in this risk. This study was conducted to analyse associations between the use of antipsychotics, antidepressants, and benzodiazepines and 2-year mortality in old people with dementia, and to investigate sex differences therein. Methods: In total, 1037 participants (74% women; mean age, 89 years) with dementia were included from four cohort studies and followed for 2 years. Data were collected through home visits and medical records. Cox proportional hazard regression models were used to analyse associations between ongoing baseline drug use and mortality. Multiple possible confounders were evaluated and adjusted for. Results: In fully adjusted models including data from the whole population, no association between baseline psychotropic drug use and increased 2-year mortality was seen. Significant sex differences were found in mortality associated with antidepressant use, which was protective in men, but not in women (hazard ratio [HR] 0.61, 95% confidence interval [CI] 0.40-0.92 and HR 1.09, 95% CI 0.87-1.38, respectively). The interaction term for sex was significant in analyses of benzodiazepine use, with a higher mortality risk among men than among women. Conclusions: Among old people with dementia, ongoing psychotropic drug use at baseline was not associated with increased mortality in analyses adjusted for multiple confounders. Sex differences in mortality risk associated with antidepressant and benzodiazepine use were seen, highlighting the need for further investigation of the impact of sex.
Introduction
Psychotropic drug use is common among old people, especially those suffering from dementia. In Sweden and Finland, every second old person with dementia uses psychotropic drugs [1, 2] . The prevalence is even higher among nursing home residents with dementia, of whom four of five are prescribed psychotropic drugs [3, 4] . In comparison, one third of old people without dementia are psychotropic drug users [1, 2] . One plausible explanation for this high rate of prescription is that these drugs are used to treat behavioural and psychological symptoms of dementia (BPSD), although many elderly may lack diagnosis [5, 6] . BPSD, include, but are not limited to, hallucinations, anxiety, depression, agitation, and aggression. Current guidelines propose psychosocial and non-pharmacological interventions to reduce BPSD, but also refer to psychotropic drug administration, generally as a second line of defence [7] [8] [9] [10] , even though their clinical effectiveness has been questioned [11] [12] [13] , and they are all associated with significant side effects, some of which are sex-specific [14] [15] [16] [17] [18] [19] [20] .
In a meta-analysis of randomised control trials published 2005, antipsychotic drug use increased mortality with about 50% [21] . In addition, several more recent studies have demonstrated increased mortality associated with the use of antipsychotics [22] [23] [24] [25] [26] [27] . Also antidepressants have been associated with increased mortality in old people in general [16, [28] [29] [30] , and in one study of old men with dementia [26] . Increased mortality associated with antipsychotic and antidepressant drug use has been shown to be most pronounced during the first period after treatment initiation [16, 22, 24] . In contrast, benzodiazepines have not been associated with mortality in old people [31] [32] [33] [34] .
Most of the observational studies conducted to date have been registry studies [23, 24, 26, 28, 32, 35] , which provide insufficient control for factors associated with drug use, and thus present difficulties with limitation of the effects of possible confounding by indication. Other than for antipsychotics, knowledge of the associations between psychotropic drug use and mortality, specifically in people with dementia, is lacking. In addition, few studies have investigated possible sex differences in drug-related mortality in old people with dementia.
Aims
The aims of this study were to explore the association between psychotropic drug use and 2-year mortality in old people with dementia, and to investigate possible sex differences in this outcome.
Methods

Design and settings
To achieve a sufficiently large sample, enabling control for several possible indicators of health and mortality, data from four studies were merged: Umeå 85+/Gerontological Regional Database (GERDA, 2000 (GERDA, -2012 The GERDA epidemiological cohort study was initiated in 2000 to investigate factors impacting the general health and well-being of very old people in one urban municipality and five rural municipalities in the county of Västerbotten, northern Sweden. Half of the residents aged 85 years, all 90-year-olds, and all of those aged ≥ 95 years were invited to participate. Age was the only inclusion criterion and no exclusion criterion was used. Different levels of participation were possible; for example, participants could allow access to medical charts and permit interviews with caregivers and next of kin, but decline home visitation. The initial data collection phase was completed in 2002. Between 2005 and 2007, a second round of data collection was performed in the same municipalities, as well as in two municipalities in the Finnish county of Pohjanmaa. Between 2010 and 2012, a third round of data collection was performed in the same areas, with the addition of two Finnish municipalities. This study has been described in greater detail elsewhere [36] . Seventyone percent of participants in the current study were recruited from the GERDA study.
Baseline data were obtained from FOPANU and UMDEX, randomised controlled trials with exercise interventions, and REMANU, an observational study with similar inclusion criteria. They were all performed in the urban municipality of Umeå. The inclusion criteria for these studies were: residence in a nursing home, age ≥ 65 years, dependency in personal activities of daily living (ADL), ability to rise from a chair with armrests with help from no more than one person, Mini-Mental State Examination (MMSE) score ≥ 10, and approval from the resident's physician. The UMDEX study included only people with dementia. These studies have been described in greater detail elsewhere [37] [38] [39] .
Common traits of all four studies were that data collection was conducted by trained investigators (physicians, nurses, physiotherapists, and medical students), mainly during home visits, through structured interviews and various measurements and assessments. Additional data were collected in interviews with caregivers and/or next of kin, as well as from medical charts.
Participants
Included in the current study were all participants with a diagnosis of dementia who had provided information on their use of prescription drugs. For people participating in more than one of the four studies, only data from the first study were included. Of the 2498 participants in the four original studies, 1037 met our inclusion criteria. The lack of a diagnosis of dementia led to the exclusion of 1378 persons, data on prescribed drugs were missing for 8 persons, and data from 75 persons were excluded because they had already been included from another of the four studies. The procedure for study inclusion is illustrated in Fig. 1 .
Measurements and data
Cognitive function was assessed using the MMSE (range, 0-30; higher scores indicate higher function) [40] , screening for depressive symptoms was conducted using the 15-item version of the Geriatric Depression Scale (GDS-15; range, 0-15; higher scores indicate more depressive symptoms) [41] , morale was assessed using the Philadelphia Geriatric Center Morale Scale (range, 0-17; higher scores indicate higher morale) [42] , nutritional status was evaluated using the Mini Nutritional Assessment (MNA; range, 0-30; higher scores indicate lower risk of malnutrition) [43] , body mass index (BMI;
2 ) was calculated, and dependency in ADL was measured with the Barthel ADL index (range, 0-20; higher scores indicate greater independence) [44] . Information regarding medical diagnoses and symptoms was collected from medical charts and in structured interviews, and was classified according to the International Classification of Diseases, 10th Revision [45] . Diagnoses of dementia, delirium, and depressive disorders were established in accordance with the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition [46] . A specialist in geriatric medicine reviewed all diagnoses, using information from medical charts and from assessments conducted during data collection. Data on medications were obtained from lists of prescribed drugs, as well as by asking the participants and their caregivers about over-the-counter drug use and actual drug use. Drugs were grouped according to the Anatomical Therapeutic Chemical (ATC) index. The definition of antipsychotic drugs used in the current study encompassed drugs with close kinship to conventional antipsychotics, resulting in the inclusion of N05A (but not N05AN01 [lithium]), N05BB01, N05CM06, and R06AD. Antidepressant drugs were defined as all drugs within ATC code N06A. The analyses of benzodiazepines also included benzodiazepinelike Z-drugs, hereafter referred to collectively as benzodiazepines; hence, this category included all drugs classified as N05BA, N05CD, N05CF, and N03AE. Scheduled medications, as well as those used pro re nata (as needed), were included, provided that participants actually used them. Dates of death during the 2-year follow-up period were collected from the population registers provided by the Swedish Tax Agency and the Population Register Centre in Finland. Sex was classified dichotomously.
Statistical analysis
Associations between drug use and mortality were analysed with Cox proportional hazards regression models. The selection of possibly confounding variables for the multivariate models was made according to findings reported in the scientific literature and the authors' clinical experience. Fifty variables were evaluated by investigating differences between users and non-users of antipsychotics, antidepressants, and benzodiazepines, respectively, using the chi-squared test and Student's t-test, as well as by analysing associations between the selected variables and mortality using univariate Cox models. Variables with p values ≤ 0.15 for group differences and associations with mortality were included in the multivariate Cox regression models. This procedure was conducted for the full sample and separately for men and women to detect sex-specific confounders. Age and sex were included in the models, regardless of their associations with the outcome or indicator, as were GDS-15 scores for the analyses of antidepressants. Some variables were excluded due to singularity or multicollinearity (Pearson's or Spearman's correlation coefficient, r ≥ 0.6). When the selection process resulted in the inclusion of more variables than one-tenth the number of events, stepwise backward removal was conducted. A list of all investigated and included/excluded confounders is provided in Additional file 1. Sensitivity analyses were performed, where all variables that might be considered mediators, rather than confounders, were removed. Sex-specific analyses including the variables selected for all participants were also performed. These analyses are presented in Additional file 1.
Following the selection of confounders, proportionality of hazards was investigated through Schoenfeld residuals. When time-dependent covariates were identified, extended Cox regression models were used to evaluate associations with mortality. The associations between benzodiazepines and 2-year mortality were found to be time dependent for men and for the full sample, which made the Cox regression model unsuitable for these analyses. Hence, all analyses of benzodiazepines were split in two, with separate analyses of the first and second years following baseline, after the investigation of Kaplan-Meier curves and Schoenfeld residuals for these time periods.
Interaction terms were created to further investigate possible sex differences in mortality by multiplying the sex variable by each dichotomous variable indicating use of the studied drugs (sex * drug). Interaction terms consisting of MMSE score and drug use were also used to investigate whether the associations between psychotropic drug use and mortality were dependent on cognitive level (mmse * drug). These interaction terms were then entered in the multivariate Cox regression models. As the interaction term for MMSE score was nonsignificant in all models (data not shown), the impact of level of cognitive functioning on mortality was not investigated further.
Some variables had missing data, which was considered to constitute bias because it was associated with higher morbidity and lower scores on several scales. Hence, multiple imputation (20 sets) was conducted to fill the gaps for the variables of GDS-15 score, MMSE score, BMI, Barthel ADL index, and myocardial infarction >1 year before baseline. The proportions of missing values for these variables ranged from 6.5 to 35.1% (Table 1) . Variables used as predictors in the imputation model were those included in the Cox regression models, those correlating with the variables to be imputed (r ≥ 0.3), and those correlating with the presence of missing values for those variables (Additional file 1) [47] . No restriction was set for the imputed values.
All mortality analyses were conducted on the original data set and the data set completed through imputation. The two sets of results for the main outcomes were close to identical. The results presented in the present paper, come from the imputed data set. All statistical analyses and calculations were performed using IBM SPSS Statistics software (version 23; IBM Corporation, Armonk, NY, USA).
Results
Baseline data
The study population comprised 1037 people with dementia aged ≥ 65 years (mean age, 89.4 ± 6.2 years); 74.2% of participants were women and 47.1% died during the 2-year follow-up period. Alzheimer's disease was the most common type of dementia, affecting 51.7% of the population, followed by vascular dementia, which had a prevalence of 38.4%. The most common co-morbidities were depressive disorder (50.6%), recent delirium (47.6%), and angina pectoris (35.7%).
The female participants in this study were slightly older, had lower MMSE scores and Barthel ADL index scores and used more drugs, specifically benzodiazepines and analgesics, than did their male counterparts. Comparison of participants who were alive with those who died during the 2-year follow-up period revealed larger differences. A more detailed description of the participants can be found in Table 1 .
Psychotropic drugs prescribed at the time of data collection are listed in Table 2 . Antidepressants were used by 37.4% of the participants, antipsychotics by 22.2%, and benzodiazepines were used by 39.0% of participants; 63.5% of participants used at least one drug from these three groups. A smaller proportion (18.3%) had ongoing treatment with anti-dementia drugs. Sex differences were seen in the use of several types of benzodiazepines. Fig. 2 shows the unadjusted Kaplan-Meier survival curves. Results from the Cox proportional hazard regression models are presented in Table 3 .
Antipsychotics
No association between baseline use of antipsychotics and mortality was observed in any analysis. The interaction term for sex was not significant. No significant difference in association with mortality was seen between users of typical and atypical antipsychotics, in the entire sample or among men or women (data not shown).
Antidepressants
No association between antidepressant use and mortality was seen in the univariate analysis or the fully adjusted model for the entire sample. The interaction term for sex was significant (p = 0.047). Antidepressant use was associated significantly with lower 2-year mortality in men (HR, 0.61; 95% confidence interval [CI], 0.40-0.92), but not in women.
Benzodiazepines, including Z-drugs
The use of benzodiazepines at baseline was associated with increased mortality during the first year thereafter in the unadjusted model (HR, 1.38; 95% CI, 1.08-1.77), but not in the fully adjusted model. The unadjusted model showed no association with mortality risk during the second year, but the fully adjusted model revealed an association between benzodiazepine use and decreased mortality during this period (HR, 0.72; 95% CI, 0.54-0.96). The interaction term for sex was significant for the first year (p = 0.029), but not the second year (p = 0.964), after baseline. First-year mortality associated with benzodiazepine use was elevated in men in the univariate analysis (HR, 2.07; 95% CI, 1.29-3.32), but not in Other dementia 137 (13) 31 (12) 106 (14) 68 (12) 69 (14) Non-specified dementia 62 (6) 11 (4) 51 (7) 30 (5) 32 (7) Delirium, last month 494 (48) 126 (47) 368 (48) 221 (40) 
Discussion
In this study of old people with dementia, no association was found between baseline psychotropic drug use and increased 2-year mortality in fully adjusted models including all participants. This is in contrast to recently published registry studies [24, 26, 28, 35] . Significant sex differences were found in mortality associated with the use of antidepressant drugs and benzodiazepines.
Antipsychotics
The finding that antipsychotic use was not associated with an elevated mortality risk in either analysis was not (20) 176 (23) N05A-(N05AN01) + N05BB01 + N05CM06 + R06AD Antipsychotics and related (excl. PRN) 219 (21) 51 (19) 168 (22) N05A-(N05AN01) Antipsychotics (incl. PRN) 175 (17) 37 (14) 138 (18) N05A-(N05AN01) Antipsychotics (excl. PRN) 168 (16) 36 (13) 132 (17) N05BB01 + N05CM06 + R06AD Drugs related to antipsychotics (incl. PRN) 72 (7) 20 (7) 52 (7) N05BB01 + N05CM06 + R06AD Drugs related to antipsychotics (excl. PRN) 67 (6) 18 (7) 49 (6) Typical antipsychotics (incl. PRN) 53 (5) 12 (4) 41 (5) Typical antipsychotics (excl. PRN) 45 (4) 9 (3) 36 (5) Atypical antipsychotics (incl. PRN) 135 (13) 30 (11) 105 (14) Atypical antipsychotics (excl. PRN) 132 (13) 30 (11) 102 (13) N06A Antidepressants (No PRN use) 388 (37) 94 (35) 294 (38) N06AA Tricyclic antidepressants 14 (1) 3 (1) 11 (1) N06AB SSRIs 299 (29) 81 (30) 218 (28) N06AG MAO-inhibitors 1 (0) 0 (0) 1 (0)
N06AX
Other antidepressants 115 (11) 20 (7) 95 (12)* N06AX03 + N06AX11 Tetracyclic antidepressants 89 (9) 17 (6) 72 (9) N06AX16 + N06AX21 SNRIs 28 (3) 3 (1) 25 (3) N05BA + N05CD + N05CF + N03AE BZD and Z-drugs (including PRN) 404 (39) 87 (32) 317 (41) (18) 38 (14) 148 (19) BZD and antipsychotics 129 (12) 25 (9) 104 (14) Antidepressants and antipsychotics 113 (11) 24 (9) 89 (12) BZD, antidepressants and antipsychotics 65 (6) 11 (4) 54 (7) Notes: Results are presented as number (%). Significant sex differences are marked with * (p < 0.05). The results of combinations of psychotropic drugs include drugs related to antipsychotics and benzodiazepines. PRN Pro Re Nata (when needed), SSRIs Selective Serotonin Reuptake Inhibitors, MAO Monoamine Oxidase, SNRIs Serotonin-Norepinephrine Reuptake Inhibitors, BZD Benzodiazepines in line with previous research, most of which has shown an increased risk of mortality [21] [22] [23] [24] [25] [26] [27] . A liberal definition of this drug group was used, but the results of subgroup analyses of typical and atypical antipsychotics remained consistent. In other studies, the increased risk of mortality associated with the use of antipsychotics has been shown to be more pronounced in approximately the first month after treatment initiation [22, 24] , although a randomised placebo-controlled withdrawal trial also showed increased long-term mortality in users of antipsychotics [27] . As the baseline date was not set in relation to the first ingested dose of a psychotropic drug in the current study, we did not expect to observe this effect of higher initial mortality; that period had probably already passed for the majority of the participants on psychotropic medication. Conversely, all nonusers at baseline who started using psychotropic drugs during the 2-year follow-up period would have been subjected to this higher risk of fatal side effects, thereby possibly increasing mortality rates in the non-user groups. The side effects of antipsychotics, fatal and otherwise, may be more likely to affect the frailest old people with dementia, which may result in antipsychotic treatment termination among those not tolerating treatment. In our study, this factor could have resulted in a healthy worker effect -a sampling bias in which those defined as users of antipsychotics constituted a selected group of more resilient individuals.
Antidepressants
The findings of this study with regard to antidepressants contrast with those of recent registry studies of old people [16, 26, 28, 35] , two of which specifically investigated people with dementia and all of which demonstrated increased mortality associated with antidepressant drug use. This difference could be explained in part by the baseline date, which was not set according to the prescription date, in the present study. Just as with antipsychotic use, higher initial mortality has been shown to be associated with antidepressant use [16] . Another explanatory factor could be the ability to adjust extensively for confounders in the present study, as the participants were recruited from studies in which they had been assessed thoroughly. Treatment with antidepressant drugs was Fig. 2 Unadjusted Kaplan-Meier survival curves. Notes: Green lines signify people with ongoing drug treatment at baseline, whereas blue lines signify non-users at baseline. Time, in days, is placed on the x-axis and cumulative survival on the y-axis. The analyses of antipsychotics and benzodiazepines include related drugs, as described in methods associated with better survival for men, but not for women. These results contrast with findings reported by Ryan et al. [29] , who observed an association between antidepressant use and increased mortality in old men. The characteristics of participants in the two studies, however, differ substantially, as Ryan et al. [29] did not examine people with dementia. Most antidepressant drugs have the potential to alter the conductive properties of the heart, giving rise to QT prolongation, an effect that is more pronounced in women than in men [48] . This effect can lead to potentially fatal arrhythmia (Torsade de Pointes) [49] . Other antidepressants (N06AX), including mirtazapine and venlafaxine, which were used more frequently by female participants in the current study, are among those associated most strongly with increased mortality in previous studies [16, 28] . These two conditions, if also true in people with dementia, may lead to more adverse effects of antidepressants in women, nullifying the protective effects observed in men.
Benzodiazepines, including Z-drugs
A time-dependent association between mortality and the use of benzodiazepines was observed in the present study, resulting in separate analyses of the first and second years after baseline. A tendency toward increased mortality among benzodiazepine users during the first year was observed, but the results were significant only in univariate analyses. Sex differences were seen in mortality, which was elevated in men, but this result was significant only in the unadjusted analysis. Nevertheless, the interaction term for sex was significant and sex differences in mortality could possibly be moderated by prolonged sleep apnea events induced by benzodiazepines [50] , which has been shown to increase the risk for ischemic stroke in men, but not in women [51] . The fully adjusted models showed an association between baseline use and lower second-year mortality. As information on how many benzodiazepine users became non-users, and vice versa, was not available, we are quite uncertain of whether these results would be reproduced in a study with a more controlled design. A recent observational study of people with dementia showed that about half of baseline benzodiazepine users were still using the same medication 6 months later [3] . In a registry study, Jennum et al. [35] found no association between benzodiazepine use and mortality in people with dementia, but they did not investigate sex differences.
Strengths and weaknesses
The majority (71%) of participants in this study were included from a cohort with no exclusion criterion, and the remaining participants were included from studies that excluded those with severe dementia (<10 on MMSE), but otherwise had few exclusion criteria. People with all types and severities of dementia were included, with the exception of home-dwelling people aged 65-85 years, as the studies including the younger old were conducted at nursing homes. Hence, the study sample should be quite representative of old people with dementia. Strong data on the clinical characteristics of the participants was available, trained investigators assessed most participants in person and reviewed all medical charts, and a specialist in geriatric medicine verified all diagnoses. In the current study, all data except dates of death were collected only at baseline. Therefore, it is difficult to distinguish between confounding factors and factors that are mediators of the associations between drug use and mortality. However, sensitivity analyses, with suspected mediators removed, did not differ from our main results (Additional file 1). Data on drugs were collected from lists of prescriptions and verified by participants and/or their caregivers, resulting in good knowledge of actual drug use. The ability to analyse specific medications or different doses, rather than groups of drugs, however, was limited by the number of participants. In our opinion, the most significant limitation of this study is that we were not able to include the timeline of drug use in the analyses. The dichotomisation of participants as users and non-users of the respective drugs was performed according to baseline status. We lacked data on the length of drug use before baseline and whether use continued during the follow-up period. We also did not know how many non-users at baseline became users during the follow-up period. However, previous studies in the same geographic regions have shown that the use of psychotropic drugs, especially antidepressants and antipsychotic, among old people with dementia is typically long term [3, 52] .
Implications
Although no association between ongoing psychotropic drug use at baseline and elevated 2-year mortality was found, the clinical implications of the current study should not be interpreted as if there is no increased risk of death associated with the initiation of treatment with psychotropic drugs in old people with dementia, as previous research has shown increased mortality soon after initiation. One implication to be considered by researchers is that the HRs were almost invariably reduced in the fully adjusted models, compared with the less controlled models. This finding implies that thorough consideration of confounders is necessary when examining the impact of psychotropic drug use on mortality in old people with dementia. Our results also highlight the importance of sex-specific analyses -at the very least, presentation of sex-disaggregated results -as confounders, as well as mortality, differed between men and women in the current study.
Conclusions
In this study of old people with dementia, we found less pronounced associations between psychotropic drug use and mortality than demonstrated in previous studies. Our data were taken from four cohort studies in which the participants were assessed thoroughly, in contrast to previous research, much of which has been in the form of registry studies. This distinction highlights the importance of extensive investigation of confounders. We found sex differences in mortality associated with the use of antidepressants and benzodiazepines, highlighting the need to account sufficiently for sex in future research. 
